. Schematic of the sample fabrication process and the measurement setups. Figure S1 shows the schematic of the sample fabrication process and the measurement setups. The Ti implantation of Pt/Sapphire substrates was carried out at room temperature with an ion energy of 40 keV and a series of Ti fluences. After deposition of the BFO thin films on Ti-implanted Pt/Sapphire substrates by PLD, the Au top electrodes were prepared by DC magnetron sputtering at room temperature using a metal shadow mask. The electrical measurements were carried out with a Keithley source meter, and the bias voltage was applied on Au top electrodes while the Pt bottom electrode was grounded. However, in the CsAFM measurements, the bias voltage was applied to the Pt bottom electrode while the top conductive tip was grounded and scanned over the BFO surface. Figure S4 . I-V characteristics of BFO thin film deposited on non-implanted Pt/Sapphire substrate Figure S4 shows the I-V characteristics of BFO thin film deposited on non-implanted Pt/Sapphire substrate. There is no distinct resistive switching behavior observed even when the voltage bias is up to 15 V. The small I-V hysteresis suggests the Schottky barrier heights at top and bottom interface can only be slightly changed by the applied voltage bias. In HRS, Schottky barriers form at both top and bottom interface and the equivalent circuit is a head-to-head diode. For the temperature dependent I-V characteristics of HRS shown in Figure S8 , -36 Figure   S9 show the plots of ln(I/E), ln(I/T 2 ), and ln(I/ET 3/2 ) as a function of E 1/2 , respectively, for the I-V characteristics in HRS shown in Figure S8 . The plots result in linear curves for the PF emission, Schottky emission and modified Schottky emissions. The emission coefficient S can be expressed as follows:
where n=1 for PF emission and n=2 for Schottky emission and n=2 for modified Schottky emission.
The coefficients S have been calculated using Equation (S4) and compared with the coefficients obtained by curve fitting in positive bias range (+0.75 V to +1.65 V) and negative bias range (from -0.75 V to -1.65 V) for PFE, SE, and MSE at different temperature are shown in Table SI . Figure   S10 shows the ratio of the fitted coefficients and the calculated coefficients. It is clear that only the ratio for the modified Schottky emission is close to 1 at all temperatures for each MIM structure which indicates that the carrier transport in HRS can be described well with the modified Schottky emission. 
